ABSTRACT -
INTRODUCTION
The social-economic development of diverse regions in Brazil has been boosted by exotic forest species introduced into the country, particularly in areas where the soil and climate characteristics daunt agricultural activities. The increase of raw material to supply the paper and cellulose industries and more recently, for resin extraction, is one of these noteworthy benefits. The genus Pinus is of great importance for regions of temperate and tropical climate in particular, since it serves for the reforestation or recovery of degraded areas, as well as for the achievement of raw material for paper and cellulose industries and of wood. For the implantation of commercial Pinus plantations, primary need is a seed orchard with a high yield potential for the establishment of vigorous seedlings with good uniformity.
Genetic improvement of the genus Pinus has focused on paper, long-fiber cellulose, saw logs, and resin extraction, namely. Among the contributions to this improvement are the increase of the volumetric yield and the yield of trees with straight trunks, with a lower number of crotches and of thick branches, which improves the wood's industrial utility.
Estimates of genetic parameters provide information about the nature of the genic action involved in the trait heritability and are base for the evaluation of improvement programs (Vencovsky and Barriga 1992) . There are several studies relating RF Missio et al. such estimates in Pinus (Kageyama et al. 1977 , Cotterill and Zed 1980 , Dean et al. 1983 , Dean et al. 1986 , Otegbeye 1988 , Gurgel Garrido and Kageyama 1993 , Sebbenn et al. 1994 , Sebbenn et al. 1995 , Gurgel Garrido et al. 1996 , Sampaio et al. 2000 , Moura and Dvorak 2001 , Johnston et al. 2003 , Missio et al. 2003 ).
An optimum procedure for the estimation/prediction of genetic values in the improvement of perennial species is the REML/BLUP (Restricted Maximum Likelihood estimation/Best Linear Unbiased Prediction). However, when dealing with balanced data, the estimate of variance components by the leastsquare method applied in analyses of variance is equal to that obtained by REML, and the prediction of genetic values by the multi-effect index is equal to the individual BLUP (Resende 2002a) . The REML/BLUP procedure has been successfully applied in perennial plant improvement in Brazil of species such as peach palm (Farias Neto and Resende 2001) , Barbados cherry (Paiva et al. 2002) , cacao (Resende and Dias 2000, Dias and , coffee , rubber , Kalil Filho et al. 2000 , Costa et al. 2002a , Costa et al. 2002b , tea (Simeão et al. 2002) , cupuaçu (Souza et al. 2002) , Eucalyptus (Resende et al. 1993) , and Pinus (Resende et al. 1996a, b) .
On this background, our study had the objective of selecting Pinus caribaea var. bahamensis progenies using mixed models by means of the estimation of the genetic parameters by REML and their use in the BLUP prediction of additive genetic values.
MATERIAL AND METHODS

Plant material
The seeds of the progenies used for the trial came from a clonal seed orchard of the Centro altitude 370 m asl). The experimental design was a 11 x 11 partially balanced square lattice, with 119 progenies from the CCGMPT and two commercial controls provided by Duratex. The row plots contained six plants in a spacing of 3.0 x 3.0 meters. The progenies were evaluated after 13 years for the diameter at breast height (DBH, in cm) and the tree height (in m) and volume (m 3 tree -1 ).
Methods -Mixed linear model
The mixed linear model applied to half-sib progenies in the lattice design with several plants per plots and one measurement per individual is described by Resende (2002a) as:
, where y, b, a, c, and e are data vectors of the replication effects (fixed), of the additive genetic effects (random), of the plot effects of (random), of the random effects of blocks within replications and of the random errors, respectively. X, Z, W and H are the matrixes of incidence for b, a, c and , respectively.
Distributions and structures of means and variances:
The covariances among all random effects of the model are considered zero. So:
and
Var , where
Mixed model equations (MME)
, where
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RESULTS AND DISCUSSION
Genetic and phenotypic parameters
The progenies presented good mean performance (18.83 m, 20.80 cm and 0.462 m 3 tree -1 ) ( Table 1) and expressive genetic variability, mainly for volume and DBH, which presented higher coefficients of genotypic variation (22.60% and 9.64%, respectively) than the plant height (3.73%). Volume and DBH also presented higher estimates of heritability (0.21 and 0.20, respectively) than of height (0.12), indicating that the selection based on the first two traits tends to provide larger genetic gains. The heritability indicates the degree with which the individuals pass their traits on to their descendants, making inferences on the genetic control of traits possible. In this context, a high heritability value indicates a good possibility of genetic gain with selection.
In general, the estimates of heritability found in the present work are lower than those reported by Resende et al. (1996b) for Pinus maximinoi, though higher than the mean of the narrowsense heritabilities estimated by the mixed model methodology (REML/BLUP) for some tree species (Table 2) .
In relation to the correlation due to the common environment of the plot ( ), which measures the variability among the plots in the block, the values varied from 7.40% to 2.99% for height and DBH, respectively (Table 1 ). According to is the individual narrow-sense heritability in the replication; is the correlation due to the common environment of the plot; is the correlation due to the common environment of the block within the replication; is the additive genetic variance; is the variance among plots; is the variance among blocks within replications; is the residual variance (environmental within plots plus the non-additive genetic variance);
A is the matrix of additive genetic correlation between the individuals in evaluation.
The heritability coefficients of progeny mean ( ) and within progeny ( ) were estimated by:
Iterative estimators of the components of variance by REML via algorithm EM C 22 , C 33 and C 44 are derived from the inverse of the matrix of the coefficients of the mixed model equations; tr is the trace operator of a matrix; r(x) is the rank of matrix X; N, q, s, are the number data, trees, plots and blocks, respectively.
The genetic parameter estimates and predictions of additive and genotypic genetic values were obtained using Selegen-REML/BLUP ), a software that works with algorithm EM. (Table 4 and 5). For the selection process of trees to be used in improvement programs the reproduction type of the species should therefore be taken into consideration, since the best trees for sexual reproduction (by seeds) may not be the best for asexual reproduction (vegetative or clonal) and vice-versa. This fact was also observed by Resende and Dias (2000) for the trait number of fruits per plant in full-sib progenies of cacao. However, the selection of the best trees based on the reproduction system (asexual or sexual) is intimately linked to the objectives of the improvement program of the species. When the objective is the transformation of the progeny test in a seedling seed orchard, the trees must be selected based on â, and when the objective is the achievement of material to install a clone seed orchard, then the trees should be selected based on . so there is a maximization of the genetic gain.
A selection aiming at the volume (m 3 tree -1
) provided genetic gains of up to 73.19%, depending on the number of selected trees (Table 6 ). The selection of 250 trees focusing on this trait provided a greater gain (27.72%) than the selection of 5 trees based on the DBH (26.65%). However, in the realization of the selection process the manageability of obtaining the data must be taken into account. According to Sampaio et al. (2000) , besides the facility and precision in the achievement of DBH compared to height, the same presented a high genetic correlation with the volume. DBH-based selection is therefore recommendable in spite of achieving lower genetic gains. Another important factor in the selection process is the mean number of trees selected per progeny (K f ). Missio et al. (2003) , simulating three selection types (K f variable; K f fixed = 6; K f maximum = 5) based on the multi-effect index in Pinus caribaea var. bahamensis progenies demonstrated that the 
